Background: The aim of this study was to investigate effect of single-and multiple-dose of parecoxib on shoulder pain after gynecologic laparoscopy. Methods: 126 patients requiring elective gynecologic laparoscopy were randomly allocated to three groups. Group M (multiple-dose): receiving parecoxib 40mg at 30min before the end of surgery, at 8 and 20hr after surgery, respectively; Group S (single-dose): receiving parecoxib 40mg at 30min before the end of surgery and normal saline at the corresponding time points; Group C (control): receiving normal saline at the same three time points. The shoulder pain was evaluated, both at rest and with motion, at postoperative 6, 24 and 48hr. The impact of shoulder pain on patients' recovery (activity, mood, walking and sleep) was also evaluated. Meanwhile, rescue analgesics and complications were recorded. Results: The overall incidence of shoulder pain in group M (37.5%) was lower than that in group C (61.9%) (difference=-24.4%; 95% CI: 3.4~45.4%; P=0.023). Whereas, single-dose regimen (61.0%) showed no significant reduction (difference with control=-0.9%; 95% CI: -21.9~20.0%; P=0.931). Moreover, multiple-dose regimen reduced the maximal intensity of shoulder pain and the impact for activity and mood in comparison to the control. Multiple-dose of parecoxib decreased the consumption of rescue analgesics. The complications were similar among all groups and no severe complications were observed. Conclusions: Multiple-, but not single-, dose of parecoxib may attenuate the incidence and intensity of shoulder pain and thereby improve patients' quality of recovery following gynecologic laparoscopy.
Introduction
Laparoscopic procedures, compared to laparotomies, result in smaller incision, lower morbidity, quicker recovery and less postoperative pain [1] [2] [3] . Therefore, laparoscopic surgery has revolutionized the practice of many surgical subspecialties over the past 2 decades [4] . However, laparoscopic procedures are often associated with postlaparoscopic shoulder pain (PLSP), which may cause more discomfort to the patients than the pain at the incision sites [5] . The reported incidence of PLSP was 63% after laparoscopic
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International Publisher cholecystectomy [6] , 66% after laparoscopic adjustable gastric band surgery [7] , 65.5% after laparoscopic appendectomy [8] and 83% after gynecological laparoscopic surgeries [5] . For improving the postoperative quality of life (QOL) for these patients, various techniques, including low-pressure insufflation, no CO2 insufflation, preemptive diaphragmatic local anesthetic irrigation and regional anesthesia to peritoneal surfaces, have been developed to reduce the PLSP [9] [10] [11] [12] [13] . Unfortunately, the effectiveness of these techniques was quite varied and even conflicting [7] . Moreover, many of these techniques were complicated and difficult for clinical application [5] .
Because the exact mechanism of PLSP remains unclear [5, 8] , it is difficult to choose an optimal therapeutic drug. Nonsteroidal anti-inflammatory drugs (NSAIDs) have been widely applied for postoperative pain management after laparoscopic surgery [14, 15] . Several trials showed that NSAIDs, either selective or non-selective, were not superior to placebo on shoulder pain control although they could reduce surgical pain or rescue narcotics requirement [16] [17] [18] [19] . Alanoglu et al. reported that preoperative use of celecoxib or rofecoxib decreased shoulder pain score only within postoperative 1hr after laparoscopic Nissen fundoplication [15] , and Jabbour-Khoury et al. indicated that intravenous ketoprofen just provided analgesic effect on shoulder pain during 6hrs in laparoscopic cholecystectomy [20] . However, a study showed that preemptive celecoxib in day-case diagnostic laparoscopy reduced PLSP within postoperative 24hrs but had no advantage of decreasing wound pain and the total analgesic requirements [21] . So far, the analgesic effect of NSAIDs on PLSP is controversial. Parecoxib, a cyclooxygenase-2 (COX-2) selective inhibitor, has an efficient and rapid ability to cross the blood-brain barrier [22, 23] and possesses better peripheral and central antihyperalgesic effects [24] . The effectiveness of parecoxib for postoperative shoulder pain in laparoscopy is not clear. Meanwhile, because single-dose application of NSAIDs was applied, either before or during operation, in all previous studies associated with PLSP, a multiple-dose regimen was designed to find an appropriate analgesic regimen for shoulder pain. We hypothesized that the suitable application of parecoxib might be the effective treatment for PLSP.
The aim of this study was to investigate the effect of parecoxib, administered through single-or multiple-dose regimen, on shoulder pain following gynecologic laparoscopy.
Methods
After institutional review board of 1 st affiliated hospital of Sun Yat-sen university approval and written informed consent obtained from the patients, age18-65yr, American Society of Anesthesiology I-II female patients undergoing elective gynecologic laparoscopic surgery with general anesthesia were recruited for this randomized, double-blind and placebo controlled study to assess whether multiple-or singledose regimen of parecoxib could reduce shoulder pain occurrence when compared to the control. Exclusion criteria were: 1) Body Mass Index(BMI) <18 or >25kg/m 2 ; 2) patients with a history of severe cardiac, pulmonary, hepatic, renal disease, chronic drug or alcohol abuse; 3) the presence of preoperative shoulder pain or any chronic pain syndrome, long-term use of analgesics; 4) allergy or contraindications to NSAIDs and any other drugs used in the study; 5) Patients with psychological or other disorders that pain evaluation was difficult to be judged. In addition, patients with conversion to a laparotomy and with operation time less than 0.5hr were eliminated from the study.
Patients who met the inclusion criteria were randomly assigned by the study physician to one of three groups from a pre-assigned list, which was computer generated by using SAS software. Randomization lists were assigned in blocks of six, each comprising a list of the same six letters in random order. The three groups were each assigned two randomly selected letters from among the six, which were used to label the packaging of the drug. Both the randomization lists and envelops were stored securely by an independent technician. Participants, care providers and research team were masked to group assignment.
Study drugs were distributed in sealed opaque packs, identified only by drug group and stored in an envelope. On the day of surgery, an attending doctor who was not involved in anesthetic management and postoperative assessment acquired the next envelope in the sequence and opened it at the start of surgery. This doctor independently prepared and infused the drugs according to grouping during the whole study period. The patients were randomly allocated into three groups. Group M (multiple administrations of parecoxib): parecoxib 40mg dissolved in 5ml normal saline (NS) was intravenously administrated at 30min before the end of surgery, at 8 hr and 20hr after the surgery, respectively; Group S (single administration of parecoxib): the patients received parecoxib 40mg intravenously 30min before the end of the surgery, followed by NS 5ml intravenously at indicated time after surgery; Group C (control): NS 5ml was intravenously administrated at above time points, respectively. The time of parecoxib administration was designed based on the pharmacodynamics of parecoxib (Dynastat, Pharmacia Limited) and the rest time of patients.
After admission to the operation room, vital signs and Narcotrend Index were monitored. All patients were managed by a propofol-based general anesthesia with a fixed continuous intravenous remifentanil at 0.25μg/kg/min. Propofol was adjusted to keep the Narcotrend Index between D2 to E0 [25] . The ventilation was adjusted to keep end tidal CO2 between 35 to 45 mmHg. All surgeries were performed by the one senior surgeon and same pneumoperitoneum apparatus to reduce surgical interference. During laparoscopy, CO2 was insufflated intraperitoneally to maintain an intra-abdominal pressure between 10 to 12 mmHg. All patients received tropisetron mesylate 6mg and fentanyl 2μg/kg I.V. 20min before the end of the operation. Propofol and remifentanil were stopped when the trocars were removed. All surgical incisional wounds were infiltrated with 0.5% bupivacaine 10ml at the end of surgery.
In all groups, for various types of postoperative pain, intravenous tramadol (1mg/kg) as a rescue analgesic was administrated when the patients requested in the recovery room and ward by the experienced nurses blinding to the investigation. The drugs would be repeatedly infused until patients felt unpainful and satisfactory.
After surgery, another experienced and independent doctor blinding to medication and grouping went to the ward and evaluated shoulder pain both at rest and with motion (side-lying, standing and walking) at 6hr, 24hr and 48hr, respectively. The incidence and intensity of shoulder pain were assessed on a 10-cm horizontal visual analog scale (VAS) with anchors "no shoulder pain (0)" and "worst possible pain (100)". The patient was considered to have PLSP if the VAS > 0, either at rest or with motion, at any observing time point. In each group, the number of patients with VAS=0 at each time point was recorded to evaluate the overall incidence of PLSP. Meanwhile, the incisional pain was also assessed by similar methods.
At the end of the observation, the maximal shoulder pain (VAS) was assessed. The impact of shoulder pain on the patients' QOL was evaluated by modified Brief Pain Inventory (BPI) scales with four variables regarding to QOL (including activity, mood, walking ability and sleep), which was quantified ranging from no interference (0) to complete interference (10) [26, 27] . The amount of rescue tramadol delivery for PLSP and the amount in whole duration were recorded. Meanwhile, the side effect profiles (nausea and vomiting, itch of skin, dizziness, and oversedation) and the severe complications associated with NSAIDs (e.g. cardiovascular events, stroke, coagulopathy and gastrointestinal diseases) were also assessed.
Statistical analysis
The overall incidence of PLSP was the primary outcome in the present study. The incidence of PLSP in the control group was set as 60% according to our pilot study. With reference to several similar previous reports [5, 6, 8, 19] , either of our two regimens was expected to decrease the incidence by 50%. Based on a method of sample size calculation [28] , 40 patients for each group were required for a chi-square test with power=0.8 and α=0.05(2-sided). Considering the possible 5% drop outs, we decided to recruit 126 patients. Demographic and surgical data were expressed as mean ± standard deviation and number of patients. The incidence of pain and interference caused by shoulder pain were expressed as number of patients (percent). Because of a non-normal distribution, VAS and BPI scores were expressed as median and interquartile range. The primary outcome and other dichotomous outcomes were compared by χ2 test or Fisher's exact test, using the global P-value for significant. The treatment effect was the difference of incidence between each treatment (Group M or Group S) and the control (Group C), presented as rate difference (RD) with 95% confidence interval (CI). Efficacy results were calculated by means of generalized linear models with a binomial distribution and identity link function. To control for type I error, the Bonferroni correction for multiple testing was applied to the P-values from pairwise comparisons between the treatment groups and the control. The maximal PLSP intensity was analyzed with Mann-Whitney U Test. All analyses were per-protocol and were computed using SAS 9.1 software (SAS Institute, Cary, NC, USA) and SPSS 15.0 software (SPSS, Chicago, IL, USA). All reported P-values are two-sided.
Results
From Jul 2011 to Oct 2011, a total of 126 patients were recruited into this study, 3 of those have been excluded because of being converted to laparotomy (2 patients) and being accidentally received other analgesics (1 patient). 123 patients (40 in the M group, 41 in the S group and 42 in group C) were finally included in data analysis (Figure 1 ).
Demographic and surgical data were shown in Table 1 . There were no clinically important differences regarding age, weight, height, main diagnosis, length of pneumoperitoneum, and total dose of analgesics during surgery between the three groups (Table 1). The data of shoulder pain was shown in Table 2 . Overall, 66 of 123 (54%) patients reported shoulder pain over the 48 hrs assessment period. All these 66 patients experienced PLSP immediately after standing, and 24 of them (7, 11 and 6 patients in group M, S and C, respectively) suffered from shoulder pain only after motion, but not at rest. The overall incidence of shoulder pain in the group C was 61.9%. In group M, the overall incidence of PLSP was decreased (RD=-24.4%; 95% CI: 3.4~45.4%; P=0.023) in comparison to control group (Table 2 ). In contrast, the single-dose regimen of parecoxib showed no significant reduction for incidence of shoulder pain (RD=-0.9%; 95% CI: -21.9~20.0%; P=0.931). During the study period, the maximal pain score of PLSP was significant lower (p=0.004) in group M than that in group C (Table 2). Meanwhile, the overall incidence of incisional pain were also lower in group M than that in group C (RD=-20.7%; 95% CI: 2.5~38.9%; P=0.026). The detailed data of incisional pain was shown in Table 3 .
As shown in Table 4 , In comparison to group C, multiple-dose regimen decreased the impact of PLSP for activity (RD=-20.7%; 95% CI: 2.5~38.9%; P=0.026) and mood (RD=-18.7%; 95% CI: -34.3~-3.1%; P=0.019), respectively. Nevertheless, for walking ability and sleep, there were no significant difference for each intervention group relative to control group.
The number of patients receiving rescue tramadol for postoperative pain were lower in group M than that in group C ( Table 5) .
The incidences of complications (nausea and vomiting, itch of skin, dizziness, and oversedation) during the study period were similar among the three groups. No severe complications were observed in this study. Group M: multiple-dose of parecoxib; Group S: single-dose of parecoxib; Group C: normal saline control; RD: rate difference; CI: confidence interval; Data were expressed as number patients (percent).
Discussion
Laparoscopic surgical procedures belong to those with the highest incidence of moderate to severe pain for 24 hr postoperatively [29] . Alanoglu et al. suggested that selective COX-2 inhibitor was an ideal analgesic drug after laparoscopic surgery [15] . To date, however, appropriate dosage and timing of parecoxib are still not clear. Akaraviputh et al. indicated that preoperative infusion 20mg parecoxib could reduce the postoperative opioid consumption [30] , and Papadima et al. showed that preoperative parecoxib 40mg was efficacious for pain control and opioids sparing following laparoscopic cholecystectomy [31] . In another study, parecoxib 40 mg twice daily attenuated worst pain in laparoscopic cholecystectomy [32] , but a latest study found that the efficacy of same medication on piritramide consumption and pain relief was weak [33] . For gynecologic laparoscopies, the results of parecoxib are also contradictory [34, 35] . Therefore, investigation of an appropriate dosing regimen of parecoxib for postlaparoscopic pain, especially for shoulder pain, is of clinical importance.
A recent study in Thailand reported that preemptive parecoxib 40mg reduced PLSP intensity within postoperative 24hrs [35] . However, the current results showed that single-dose parecoxib had no significant superiority over shoulder pain control. We speculated that two factors could be involved in this difference. First, in the present study, shoulder pain was assessed not only at rest but also with motion. Phelps et al. indicated that standing could lead to shoulder pain after gynecologic laparoscopy [5] . Similarly, our study also showed that motion was closely related to the occurrence of shoulder pain: all the 66 patients with PLSP felt pain soon after standing, and 24 of them experienced shoulder pain only after movement. The single-dose regimen probably could not alleviate shoulder pain induced by motion, and then did not reduce the overall incidence of PLSP. Second, we evaluated PLSP during postoperative 48 hrs due to PLSP usually occurs after postoperative 6hr [36] and lasts 48-72hrs [7] . Because the estimated terminal half-life of valdecoxib, the active moiety of parecoxib, is about 7hrs [37] , single administration of parecoxib may not provide 48hrs pain relief. Whereas, in group M, although the effect of parecoxib was just kept about 30hrs after surgery through three-dose regimen, the overall incidence of PLSP was reduced by 40%. The results indicated that COX inhibition must be maintained an enough time after surgery to inhibit the occurrence of shoulder pain. For the clinicians, our important finding clearly suggested that adequate follow-up treatment of COX-2 inhibitor was necessary to relieve PLSP. In several countries, postoperative intravenous analgesia is infrequently used because the majority of patients are not admitted as in-patients following elective gynecologic laparoscopy. In such cases, intravenous followed by oral COX-2 specific inhibitors (e.g. celecoxib, valdecoxib) may be the favorable alternatives.
It is well known that postoperative surgical pain affects patients' recovery [38, 39] . However, to the best of our knowledge, no study ever investigated the impact of PLSP on postoperative recovery. In this study, modified BPI score, a widely used measurement tool for assessing clinical pain, was applied to measure how much shoulder pain had interfered with patients' performance after laparoscopy. Our results demonstrated that 15 of 42 (35.7%) patients described PLSP interfered their general activities, and 8 patients (19.0%) estimated this interference as "Severe" (score>7) in group C. Early resumption of activities of daily living is the main advantage of laparoscopic surgery over open surgery [40, 41] , but several patients had to decrease early out-of-bed activities due to PLSP induced by these activities. And multiple-dose regimen of parecoxib might relieve the impact of PLSP for general activities mainly by reducing the occurrence of shoulder pain caused by various motions.
Regrettably, parecoxib and other NSAIDs were banned in United States, Australia and other states mainly due to the risk of adverse cardiovascular effects. However, several studies have reported that short-term use (< 1 week) of COX-2 inhibitors improved pain management without causing serious complications after non-cardiac surgery procedures [42] . It has been reported that, for the patients with no more than moderate cardiovascular risk factors, parenteral parecoxib for 3 days following oral valdecoxib for 7 days improved the pain relief and did not increase morbidity or mortality in major general, orthopedic, and gynecological procedures [43] . Thus, the clinicians shall be familiar with the adverse effects of the drug to avoid the potential risks.
It must be pointed out that off-label use of parecoxib was applied in group M. Parecoxib 40 mg twice a day given is the maximum dosage recommended by the manufacturer for I.V. application in adults. In the present study, considering parecoxib's analgesic duration and patients' rest time, the third infusion was delivered at approximate 20.5hr after initial dose. However, because our dosing interval was longer than the half-life of parecoxib and the total dose used for each patient was small, our three-dose regimen did not increase the occurrence of postoperative complications. Mehlisch et al. showed that single-dose of parecoxib 100mg appeared to be safe and well tolerated in oral surgery patients [44] . Furthermore, it has been reported that there are no dose-dependent effects on adverse events and no severe complications at doses up to parecoxib 200mg by intravenous injection in volunteers [45] . Indeed, we suggest that this simple and non-opioid multiple-dose regimen is an appropriate technique for pain management after gynecologic laparoscopy.
There were several possible limitations in this study. Firstly, we did not employ an "active" comparator drug as control in the present study. Comparison of parecoxib and other NSAIDs (e.g. celecoxib, ibuprofen) might help the clinicians to better understand the specific role of parecoxib in PLSP and develop a preferable analgesic regimen following laparoscopic surgery. Secondly, we just performed assessment within postoperative 48 hrs because most of the patients discharged at postoperative day 3. A prolonged assessment is necessary to clearly know whether suppression of shoulder pain continues after parecoxib is completely metabolized and eliminated. Thirdly, in our study, the rescue tramadol for other types of postoperative pain might interfere the assessment of shoulder pain. However, a previous study ever reported that intravenous tramadol 100mg did not influence the incidence of shoulder pain after laparoscopic cholecystectomy [46] . Finally, because of the implement of multiple pairwise treatment group comparisons in statistical analysis, the sample size calculation should be adjusted to increase sample sizes to preserve more reasonable power.
In conclusion, after gynecologic laparoscopy, multiple-dose, rather than single-dose, administration of parecoxib simultaneously decreased the incidence and intensity of shoulder pain and incisional pain, and alleviated the negative influence of shoulder pain on patients' recovery. In addition, this multiple-dose regimen did not enhance side effects. Therefore, for PLSP, multiple-dose administration of parecoxib may be an effective, safe and simple treatment to be implemented in clinical practice.
